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Following tooth extraction, the alveolar ridge undergoes an inevitable remodeling process that inﬂuences implant therapy of the
edentulous area. Socket grafting is a commonly adopted therapy for the preservation of alveolar bone structures in combination or
notwithimmediateimplantplacementalthoughthebiologicalbaseslyingbehindthistreatmentmodalityarenotfullyunderstood
andoftenmisinterpreted.Thisreviewisintendedtoclarifytheliteraturesupporttosocketgraftinginordertoprovidepractitioners
with valid tools to make a conscious decision of when and why to recommend this therapy.
1.Introduction
Anatomical changes and physiological processes taking over
tooth extraction were studied in the past [1–3]; how-
ever, since the introduction of dental implants in modern
odontology, these issues and the prevention of edentulous
jaw atrophy have become very hot topics. The survival of
implants and their ability to provide adequate function and
esthetic are strictly correlated with their proper positioning
in relation to the alveolar housing, the neighboring teeth
and the occluding dentition. It is thus easily understood the
tremendous eﬀort that has been used by many researchers
and practitioners in reducing this unavoidable modeling and
remodeling process. This article goes through the biological
basis for socket augmentation procedure and the available
treatment options to prevent edentulous ridge atrophy.
2.AlveolarRidge Remodeling
Maxillary and mandibular bony complexes are composed
by several anatomical structures with a proper function,
composition, and physiology: (i) basal bone that develops
together with the overall skeleton, and forms the body of
mandible and maxilla; (ii) alveolar process that develops
following tooth eruption and contains the tooth alveolus;
(iii) the bundle bone that lines the alveolar socket, extends
coronally forming the crest of the buccal bone, and makes
part of the periodontal structure as it encloses the external
terminations of periodontal ﬁbres (Sharpey’s ﬁbers).
Aftertoothextraction,bundleboneappearstobetheﬁrst
bone to be absorbed [4–6] whereas alveolar bone is gradually
absorbed throughout life [7, 8]. The remodeling process
results in a ridge morphology reduced in vertical height and
more palatal in relation to the original tooth position [1–
3, 9].
Studies from another research group suggest bone re-
sorption to occur in 2 phases (see Figure 1). During the ﬁrst
phase, bundle bone is rapidly resorbed and replaced with
woven bone leading to a great reduction in bone height
especially in the buccal aspect of the socket, as its crestal
portion is comprised solely of bundle bone [10]. The buccal
plateexperiencesmoreresorptionevenbecauseitisgenerally
thinner, averaging 0.8mm in anterior teeth and 1.1mm in
premolar sites [11]. In-vitro animal studies have demon-
strated the osteogenic potential of PDL-derived cells [12, 13]
although the role of bundle bone in providing cells for the
regeneration of new bone has been more recently challenged
[14] as new bone formation appears to initiate from2 International Journal of Dentistry
Figure 1: Healing of the extraction socket with and without socket grafting. When socket grafting is not adopted, major alveolar ridge
resorption occurs. In a ﬁrst phase, initially the blood clot, subsequently the granulation tissue and later the provisional matrix and the woven
bone ﬁll up the alveolus. The bundle bone is completely resorbed causing a reduction in the vertical ridge. In a second phase, the buccal wall
and the woven bone are remodeled causing the horizontal and further vertical ridge reduction. When socket grafting is adopted, the ﬁrst
phase and vertical bone reduction still occur, however, the second phase and the horizontal contraction are reduced.
the surrounding alveolar bone cells [4–6]. This group
reported that the presence or absence of PDL in the ex-
traction socket does not inﬂuence the features of healing
after 3 months [15]. During the second phase, the outer
surface of the alveolar bone is remodeled causing an overall
horizontal and vertical tissue contraction. The reason for
t h i sr e m o d e l i n gp r o c e s si ss t i l ln o tw e l lu n d e r s t o o d .D i s u s e
atrophy, decreased blood supply, and localized inﬂammation
might play important roles in bone resorption. However, it
is now apparent that bone remodeling is a complex process
involving structural, functional, and physiologic factors and
thatsurgicaltraumafromextractioninducesmicrotraumato
surrounding bone, which accelerates bone remodeling [16].
Resorption rate of the alveolar ridges is faster during the
ﬁrstsixmonths followingtheextraction[9,17]andproceeds
at an average of 0.5–1.0% per year for the entire life [7, 8].
The height of a healed socket never reaches the coronal
level of bone attached to the extracted tooth, and horizontal
resorption seems to be greater in the molar region compared
to the premolar area [18, 19]. Schropp et al. estimated two
thirds of the hard and soft tissue changes occur in the ﬁrst
3 months. The authors reported 50% of crestal width to be
lost in a 12-month period (corresponding to 6.1mm; range
2.7 to 12.2mm), 2/3 of which (3.8mm; 30%) occurred in
the ﬁrst 12 weeks. When examining the premolar area only, a
lossofalveolarridgewidthof4.9mm(45%) wasreported, of
which 3.1mm (28.4%) occurred in the ﬁrst 12 weeks [20]. A
recently published systematic review [21] reported a greater
horizontal alveolar ridge reduction (29–63%; 3.79mm) than
vertical bone loss (11–22%; 1.24mm on the buccal, 0.84mm
on mesial, and 0.80 on distal sites) at 6 months. In a long-
term study, Ashman reported an alveolar bone shrinkage of
40–60% in height and width within the ﬁrst 2-3 years [8, 22].
3.SocketHealing
Immediately after tooth extraction, the alveolar socket is
ﬁlled by blood clot that is replaced by granulation tissue
within 1 week (see Figure 1)[ 23]. In the healing of a skin
wound, epithelial cells migrate underneath and are protected
by the blood clot. In socket healing instead, the epithelium
migrates over the granulation tissue to cover the healing
socket [24]. This happens because this inﬂammatory tissue
is recognized as a connective tissue by the epithelial cells,
therefore, cellular migration occurs over its surface. This
is important when we examine guided bone regeneration
applied to socket grafting. Starting from the apical and
lateral residual bony walls, the granulation tissue is rapidly
remodeled to provisional matrix. Mineralizing processes
occurleadingtotheformationofwovenbonethateventually
is replaced by mature lamellar bone [25]. For more informa-
tion on socket healing stages, please refer to Table 1.
Early human histological investigations reported that
extraction sockets are ﬁlled with delicate cancellous bone in
their apical two thirds at 10 weeks, and they are completely
ﬁlled with bone at 15 weeks [24]. Increased radiopacity is
demonstrated as soon as 38 days and radiopacity similar to
that of the surrounding bone at 105 days [24]. These ﬁgures
might be partially biased as specimens were harvested from
cadavers;thereforetheirlateageandtheirsystemicconditionInternational Journal of Dentistry 3
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might have led to delayed wound healing capabilities. On the
other side, animal studies demonstrate accelerated healing as
3 weeks old extraction sockets in humans compare with 9-10
days old sockets in dogs and a 3.5 months sockets in humans
compares with 8 weeks sockets in dogs [26].
4. Rationale for Extraction Socket Preservation
Boneformationinthealveolarsocketisanaturallyoccurring
event as long as surrounding alveolar walls remain intact;
however, the alveolar ridge volumetric contraction may im-
pair implant placement.
To reduce loss of alveolar bone to acceptable levels, sev-
eral surgical techniques have been proposed. Reducing the
extraction trauma and limiting ﬂap elevation [31]a r ee s -
sential for obtaining success in each of these procedures.
Animal studies show mixed results when evaluating diﬀer-
ences in ridge remodeling between ﬂapped and nonﬂapped
extraction sockets [31–36]althoughithasbeenhypothesized
that by disrupting the thin layer of cells that comprises
the osteogenic layer of the adult periosteum, the elevation
of a ﬂap might diminish the ability of periosteal cells to
regeneratebone,whileanundisturbedperiosteummaintains
its osteogenic potential [10, 37–39]. It is possible that ﬂap
elevation aﬀects alveolar dimensional alterations only in
the short-term [21], while in the long term no appreciable
diﬀerences are found [36]. In guided bone regeneration 4,
methods can be used to increase the rate of bone formation
and to augment bone volume: osteoinduction by the use
of appropriate growth factors; osteoconduction, where a
grafting material serves as a scaﬀold for new bone growth;
distraction osteogenesis, by which a fracture is surgically
induced and bone fragments are then slowly pulled apart;
ﬁnally,guidedtissueregeneration,whichallowsspacesmain-
tained by barrier membranes to be ﬁlled with new bone
[40]. Utilizing these concepts, it has been proposed guided
bone regeneration with nonresorbable and absorbable mem-
branes, several types of bone grafts with or without use
of barrier membranes or the addition of mucogingival
treatments, and more recently the use of bioactive molecules
for the generation of bone in the extraction socket. When
analyzing the results of the following described studies, it
should be kept in mind the goal of the additional service that
is provided to the patient, which include the following:
(i) toenableinstallationandstabilityofadentalimplant,
(ii) to reduce loss of alveolar bone volume,
(iii) to reduce need for additional bone grafting proce-
dures,
(iv) to enable the generated tissues to provide implant
osseointegration,
(v) to improve the esthetic outcome of the ﬁnal prosthe-
sis,
(vi) to regenerate bone faster allowing earlier implanta-
tion and restoration.
In the following sections, several articles attempting to
obtain these purposes by means of alveolar ridge preserva-
tion will be reviewed and brieﬂy summarized.
4.1.RidgePreservationwithMembranes. Guidedboneregen-
eration (GBR) techniques utilize barrier membranes to
refrain gingival cells from penetrating into the defect to
be regenerated. The concept of compartmentalization was
introduced by Melcher [39] to explain periodontal wound
healing, but it may not be applicable to socket healing. If it
were, one would expect the socket to be ﬁlled with soft tissue
in all instances. On the other side, even early observations in
humans and animals demonstrated that the alveolar socket
tends to heal by regeneration of bone up to the alveolar
crest. As in periodontal wound healing [41–43], the stability
of the blood clot previously described explains why the
compartmentalization concept does not result in a socket
ﬁlled by epithelium and how epithelial cells migrate over
the granulation tissue to close the healing socket. Questions
remain as to whether barrier membranes have an eﬀect in
maintaining alveolar ridge morphology.
In 1997, Lekovic and coworkers adopted nonabsorbable
ePTFE membranes for the preservation of the alveolar ridge
following tooth extraction. No changes in clinical measures
were noted in the test sites that remained protected for 6
months while signiﬁcant volumetric changes were observed
in control sites and in test sites experiencing membrane
exposure [44]. Pinho and coworkers evaluated the use of
a titanium membrane with or without autologous bone
graft. They found no signiﬁcant diﬀerences between groups
and, therefore, concluded that space maintenance is more
important than the use of grafting materials in the treatment
of extraction sockets [45].
Barrier membranes seem to minimize alveolar bone re-
sorption when compared to nonintact (released) periosteum
regardlessoftheuseofadditionalgraftingmaterial.Titanium
membranes certainly would have a distinctly diﬀerent mech-
anism of action when compared to resorbable membranes
thatontheothersidereducethepotentialofexposureanddo
not require a second surgical intervention for their removal.
In 1998, Lekovic et al. examined the eﬀect of glycolide and
lactide polymer membranes demonstrating reduced loss of
alveolar height, more internal bone socket bone ﬁll and
less horizontal resorption than controls [46]. Luczyszyn
et al. evaluated the eﬀect of acellular dermal matrix with
or without a resorbable hydroxylapatite graft. Both groups
preserved ridge thickness, although, better results were
achieved in the combined treatment group suggesting that
bone grafts might beneﬁt bone regeneration when using a
resorbable membranes [47].
A recent study performed a detailed evaluation of the
healing of extraction sockets covered with a resorbable colla-
gen membrane. Through the use of histological evaluation,
subtraction radiography, and of μ-CT analysis, this study
demonstrated that adequate bone formation for implant
placementoccursasearlyas12weeksfollowingtooth extrac-
tion, with insigniﬁcant changes in alveolar ridge dimensions
[48].
4.2. Ridge Preservation with Bone Grafts and Bone Substitutes.
The clinical advantages of bone ﬁllers in alveolar ridge vol-
ume preservation and prevention of additional bone grafting
procedure are largely supported by the available literature6 International Journal of Dentistry
[47, 49–51]. Minimal ridge remodeling has been observed
when using nonresorbable hydroxyapatite crystals covered
by a rotated pediculated split thickness palatal ﬂap [52],
DFDBA covered with an ePTFE membrane [53], or even
allogenic or xenogenic bone grafts covered with nothing but
ac o l l a g e np l u g[ 51, 54]( Figure 1). Histological evidence
demonstrates that bone formation occurs over the surface of
the implanted osteoconductive graft particles [55, 56]. At 3
monthsorlater,graftedsocketsgenerallydemonstratehigher
mineralized tissue ﬁgures, when considering both new vital
bone and remaining graft particles, but the formation of new
bone appears to be similar in grafted and nongrafted sites. It
can be extrapolated that residual particles occupy part of the
volume that would have been occupied by bone marrow if
bone grafting were not adopted [57].
Atearlierhealingstages(2weeks)instead,graftedsockets
demonstratexenograftparticlesenclosedinconnectivetissue
and coated by multinucleated cells when nongrafted sites
already show newly formed woven bone occupying most of
the socket [58]. This response is typical of a foreign body
reaction which can be elicited by the xenograft and though
it is clinically non-immunogenic, non-toxic and chemically
inert [59], it results in a delayed healing response during
the earliest stages of socket healing. Many articles reported
only a partial resorption of the grafted particles at short
and long timepoints [49, 53, 58, 60–63] arising doubts on
the achievement of the osteointegration of implants inserted
in augmented sites and on the success of the restorative
therapy. Histological animal studies [64, 65] evaluated the
osteointegration of dental implants following bone regener-
ation performed with diﬀerent bone ﬁllers and observed a
bone-to-implant contact similar to that of implants placed
in pristine bone (40% to 65%). Furthermore, clinical studies
observed that good primary stability can be reached at
implant insertion, that the grafting procedure does not
impair early osteointegration [66, 67], and that implants
placed in bone regenerated using mineralized grafts are able
to sustain loading and provide similar long-term results as
those placed in pristine bone [68].
Mineralized grafting materials may interfere with the
earliest stages of socket healing and their elimination may
require several years [57] or they may in fact be nonre-
sorbable even in the long term [62]. On the other side, their
ability to prevent crestal ridge resorption and sustain long-
term implant success has been clearly demonstrated [66–68].
Other advantages in the use of osteoconductive grafting
material were reported by a clinical and histological human
study of postextractive defects in posterior maxillary area
treated with a xenogenic graft. In this study, Rasperini et al.
conﬁrmed the space-maintaining activity of the implanted
material and reported a decreased demand for sinus lift
augmentation procedure when the socket preservation pro-
cedure was performed [63]. Through a computed tomog-
raphy analysis of maxillary anterior postextractive defects,
Nevins et al. reported that 79% of grafted sites underwent
less than 20% buccal plate loss, while 71% of nongrafted
sites demonstrated more than 20% buccal plate loss. An
interesting ﬁnding of this investigation was that even the
experienced surgeons participating to this study were not
able to predict the fate of the buccal plate, therefore, the
authorssuggestedsocketgraftingtobeperformedatthetime
of extraction [69].
4.2.1.BuccalBoneOverbuilding. Anothertechniquethatmay
beadoptedistoaugmentthebuccalbonebyimplantinggraft
materials on its buccal surface. Simon et al. used DFDBA
covered by a bioabsorbable membrane for the augmentation
procedure. The dimensions on the ridge were augmented
compared to the original volume but the invasiveness and
technical demand of this procedure may refrain the clinician
from its use in everyday practice [70]. In another study,
2d i ﬀerent grafting techniques were adopted according to
whether the buccal bone was intact or dehiscence. Sockets
with an intact buccal bone were grafted to the level of the
alveolar crest, a membrane was used to protect the defect,
and the ﬂap was closed by primary intention while sockets
with deﬁcient buccal bone were augmented. Their results
showed complete loss of the horizontally augmented bone in
augmented sites, but grafted sited experienced bone loss in a
greater extent than augmented sites [71].
An histological animal study found that buccal bone
augmentation with a xenograft failed to prevent the physi-
ological bone modeling and remodeling taking part in the
buccal and lingual bony walls; however, the insertion of
grafting material seemed to promote de novo hard tissue
formation, thus limiting the total bone volume contraction
[57]. Xenograft particles positioned on the buccal surface
of the extraction alveolus were found to be encapsulated in
collagen ﬁbers after 3 months of healing. They were always
located lateral to the periosteum of the buccal wall and,
therefore, did not participate to ridge augmentation [57].
Fickl and coworkers also proposed the overbuilding of the
buccal bone with a xenograft and a membrane. Data from
theirstudiesindicatesthatextrasocketgraftingdoesnotseem
to compensate for ridge alteration after extraction possibly
because of the additional trauma to buccal tissues [72, 73].
4.2.2. Free Soft-Tissue Grafts over Grafted Sockets. The place-
ment of free soft-tissue graft to cover the augmented alveolar
socket was introduced to minimize the soft tissue shrinkage,
optimize aesthetical results of implant restoration, and
obtain a primary closure that may preserve the graft from
bacterial infections and secondary graft failure [74, 75]. The
ﬁrst attempt to cover the socket graft with an autogenous
soft tissue implant was described by Landsberg and Bichacho
in 1994 [76]. Nevins and Mellonig suggested the use of
soft tissue grafts to improve ridge topography after tooth
extraction [77] and in combination with immediate implant
placement [78].
In 1999, Tal described the survival of circular connective
tissue grafts placed over extraction sockets treated either
with DFDBA or Bio-Oss. They found that the survival was
not dependent on the adopted graft and that at 1 week
18/42 grafts were vital, 13/42 were partially vital, and 11/42
were nonvital. Complete closure of all sockets occurred 4
weeks postextraction. The authors noted that more often
partially vital grafts maintained their vitality over the socket
area more than on the graft margins; they concluded thatInternational Journal of Dentistry 7
the nourishment could be originated from plasmatic ele-
ments in the socket blood clot more than from vessels
originating from the periphery of the graft [79].
4.3. Immediate Implant Placement and the “Jumping Dis-
tance.” The ﬁrst report of implant placement immediately
after tooth extraction dates back to 1978 when the T¨ ubingen
immediate implant was described [80–82]. In 1991, Barzilay
et al. suggested that immediate implant placement might
reduce or eliminate alveolar ridge resorption during the
initial healing of the alveolar extraction socket [83]. In two
subsequent papers in a monkey model, he demonstrated that
substantially less ridge remodeling was induced in the im-
mediate implant group [84] and that histologically bone to
implant contact was similar within the diﬀerent anatomic
regions of the oral cavity [85].
Other authors challenged the results of the Canadian
reporting that the placement of an implant in the fresh ex-
traction site failed to prevent the remodeling that occurred
in the walls of the socket. The height of the buccal and
lingual walls at 3 months was similar compared to extraction
only sites [86–90]. Vertical bone loss was more pronounced
at the buccal aspect even with some marginal loss of
osseointegration [87]. Histologically, the gap between the
implant and the socket walls ﬁlled in at 4 weeks with
woven bone, while, the buccal and lingual walls underwent
marked surface resorption. After 12 weeks, the buccal crest
was located >2mm apical of the implant margin [88]
(Figure 2).Evaluatingimmediatelyplacedimplants, Schropp
et al. reported 70% of the 3-wall infrabony defects with a
parallel width of up to 5mm, a depth of maximum 4mm,
andaperpendicularwidthofmaximum2mmhadacapacity
of spontaneous healing within a period of 3 months [18].
Botticelli et al. found that 1–1.25mm wide and 5mm deep
defects around implants healed uneventfully with or without
membrane [91]. Defects up to 2.25mm wide were found
to heal using barrier membranes, although when the buccal
bone was intentionally removed, less regeneration at the
buccal aspects was observed [92]. These studies adopted an
animal model with surgically created defects, which typically
exhibit lesser resorption than extraction sockets [90].
When immediate implant placement is adopted, many
clinicians feel the need of “ﬁlling” the buccal gap (i) by
placing a larger diameter implant, (ii) by placing the implant
in a more buccal position, or (iii) by grafting the buccal
defect with some kind of bone substitutes. Given the
available literature, the ﬁrst two strategies do not seem to
be recommendable. It seems instead that the presence of a
large gap between the buccal wall and the implant apparently
promotes new bone formation and enhances the level of
bone-to-implant contact [88].
An implant position 0.8mm deeper and more lingual in
relation to the center of the socket results in a lesser degree
of buccal bone dehiscence [93]. Other studies demonstrated
that the closer the implant is to the buccal bony plate, the
more the buccal bone resorbs [94, 95]. Bone resorption of
the buccal crest is more pronounced when placing large size
(5mm) root-formed implants when compared to cylindrical
implants with a smaller diameter (3.3mm) demonstrating
that implants placed immediately after tooth extraction fail
topreservethealveolarcrestofthesocketirrespectiveoftheir
design or conﬁguration [96]. Moreover, soft tissues followed
bone levels and also they were located more apical on large
size implants compared to smaller size implants [97].
Caneva et al. evaluated the use of a collagen membrane
over the buccal gap of immediately placed implants and
found that the alveolar crest outline was better maintained
at the test sites compared with the control sites even if the
buccal gap was relatively small [98]. Interestingly, enhanced
bone preservation was found when using deproteinized
bovine bone mineral particles and a collagen membrane
compared to controls whereas no such beneﬁt was noted
when using magnesium-enriched hydroxyapatite [99–101].
Recently Ara´ ujoandcoworkershaveevaluatedtheuseofBio-
Oss Collagen in the volume between the buccal wall and the
implant in cases treated with immediate implant placement
in an experimental animal model. The authors found that
this treatment modiﬁed the process of hard tissue healing,
provided additional amounts of hard tissue at the entrance
of the previous socket, improved the level of marginal bone-
to-implant contact, and prevented soft tissue recession [102]
(Figure 2).
Implants immediately placed into fresh extraction sock-
ets are classiﬁed as Type 1 implants, early placed implants
(4–8 weeks) following tooth extraction are Type 2 implants,
Type 3 implants represent implants early placed (12–16
weeks) in a socket with partial bone healing, and Type 4
implants are delayed implants placed in a fully healed eden-
tulous site (>6 month) [103]. Timing of implant placement
is not a topic to be treated in this review but it might be
of interest to the reader that bone grafting in early placed
implants (Type 2-3) seems to provide better hard tissue
dimensions and with less postoperative complications than
bone grafting in delayed implants (Type 4) [104].
When evaluating the expression of osteogenesis-related
growthfactors,Linetal.demonstratedapparenttissuematu-
ration delayed during osseointegration, compared to extrac-
tion socket bone repair. The two healing models developed
distinct features and triggered a characteristic coordinated
expressionandorchestrationoftranscriptionfactors,growth
factors, extracellular matrix molecules, and chemokines.
These groundbreaking ﬁndings open new horizons to re-
searchers, which might lead to a better understanding of
the cooperative molecular dynamics in alveolar bone healing
[105].
4.4. Ridge Preservation with Nonmineralized Grafts. Serino et
al. evaluated the use of a bioabsorbable polylactide-polygly-
colide acid sponge as a ridge preservation grafting material.
The grafting material was placed with no attempt to achieve
primary intention wound closure. 6 months following the
extractions, biopsies were harvested. Both test and control
extraction sockets showed mature and well-structured bone
with no residual particles of the grafted material. Clinical
measures seemed to favor the test group [106]. In a following
study, both the regenerated sites and controls resulted in the
formation of a highly mineralized and well-structured bone
with the control group showing a “slightly minor percentage8 International Journal of Dentistry
Figure 2: Healing of the extraction socket, with postextractive implant placement, with and without socket grafting. After tooth extraction
and immediate implant placement, the blood clot ﬁlls the remaining space and the bundle bone undergoes the physiological changes. When
graftingmaterialisplacedaroundtheimplantsurface,ﬁllingtheremainingsocketarea,thebuccalbonewallremodelingprocessiscorrupted,
thus leading the maintenance of the horizontal ridge volume.
of mineralized bone” and a higher presence of connective
tissue in the coronal portion of the biopsies. Particles of the
grafted material could not be identiﬁed in any of the biopsies
[107].
Grafting materials with high resorption rates allow for
the formation of bone with no residual graft particles at the
time of implant placement and loading but their ability to
sustain alveolar ridge volume in the long term might be
inferior to that of mineralized grafts.
4.5. Novel Tissue Engineering Approaches. I no r d e rt oo v e r -
come the limitations of routinely adopted biomaterials as
allografts,xenografts,andalloplastsintermsofpredictability
and quality of bone formation and ability to sustain alveolar
ridge morphology over long periods of time, novel tissue
engineering therapies have been developed including the
delivery of growth factors incorporated in carriers, the
stimulation of the selective production of growth factors
using gene therapy, and the delivery of expanded cellular
constructs.
Bone morphogenic proteins (BMPs) are an example of
growth factors; they have the ability of inducing the diﬀeren-
tiation of the host stem cells into bone forming cells in a pro-
cess known as osteoinduction [108]. A feasibility study intro-
ducing the use of rhBMP-2 absorbed in a collagen sponge
for alveolar ridge preservation after tooth extraction was
published in 1997. Howell et al. demonstrated the safety
of this grafting material. Patients receiving socket grafting
demonstrated increase in bone height while patients receiv-
ing a ridge augmentation procedure showed no evidence
of augmented ridge width or height [109]. Implants placed
in the regenerated bone were stable and presented healthy
periimplant tissues [110]. After this pilot study, Fiorelini
and coworkers performed a randomized clinical trial testing
the regenerative potential of the recombinant BMP-2 in the
collagen sponge compared to the use of the collagen sponge
alone. Anterior maxillary postextraction alveolar defects in
which more than 50% of the alveolar buccal bone had
been lost prior to extraction were treated with either of the
two grafting material. Two diﬀerent rhBMP-2 concentra-
tions were used (0.75mg/mL and 1.50mg/mL). Signiﬁcantly
greater augmentation was noted in the 1.50mg/mL group
and both rhBMP-2 groups outperformed the control groups.
Histological ﬁndings showed generation of bone no diﬀerent
from native bone [111].
PDGF-BB in a β-TCP carrier is a material accepted from
the FDA for regeneration of bone and PDL elements in
guided tissue regeneration procedures. Nevins et al. evalu-
ated the use of the recombinant protein in socket grafting.
In this case, series 8 extraction sockets received Bio-Oss
Collagen hydrated with 0.3mg/mL PDGF-BB, and ﬂaps were
released for closure by primary intention. Then 4 or 6
months after grafting bone core, biopsies revealed “robust
bone formation”. Also 23.2 ± 3.2% new bone and 9.5 ± 9.1
residual grafting material were noted at 4 months. However,
18.2 ± 2.1% new bone and 17.1 ± 7.0% residual grafting
materialwerenotedat6monthsinthehystomorphometrical
evaluation [112]. More recently, tissue repair cells (TRC), a
cell construct derived from each patient’s bone marrow and
cultivatedusingautomatedbioreactorstoconcentrationsnot
achievable through a simple bone marrow aspiration, were
evaluated in socket healing. This study showed that thisInternational Journal of Dentistry 9
cell construct is able to produce signiﬁcant concentrations
of cytokines and maintains the cells’ ability to diﬀerentiate
toward both the mesenchymal and endothelial pathway
and produce angiogenic factors. TRC therapy enhanced
formation of highly vascular mature bone as early as 6
weeks after implantation when compared to guided bone
regeneration with no serious study-related adverse event
reported and lower degrees of alveolar ridge resorption were
noted [113, 114]. Please refer to our recent review for further
information on cell therapy applications in craniofacial
regeneration [115].
5. Conclusions
Postextractionalveolarridgeresorptionisaninevitableproc-
ess and the molar area is not an exception. Molar ridges
present higher degrees of resorption than premolar areas do.
Socketgraftingtechniqueshavebeenreadilyadoptedbyden-
tists throughout the world. A great amount of research has
been conducted to examine the eﬀectiveness of several mate-
rials or membranes.
The use of invasive techniques is hardly recommended at
this treatment timepoint as any procedure requiring primary
intentionhealingwiththeadvancementofﬂapsmayresultin
increased inﬂammatory response, in a decrease in vestibular
depth, and in the creation of unaesthetic scars. Even expert
practitionersmightnotbeabletoaccuratelydeterminewhen
these techniques might be indicated [69]. For the very same
reason, less invasive grafting techniques should be adopted
when indicated especially when treating defects in the es-
thetic or molar areas. It should be understood that the use
of osteoconductive-mineralized grafts does not accelerate
bone healing, but may allow for a better preservation of
the ridge volume that is highly desirable for both esthetic
and function of the future implant restoration. Moreover,
invasive procedures as guided bone regeneration and sinus
ﬂoor elevation are less frequently needed when socket
grafting is adopted [63]. For more predictable results, it is
recommended to allow proper time for bone healing prior to
proceed with implant placement. Anyway, when immediate
implant placement is adopted, the use of mineralized grafts
on the buccal gap helps reducing the resorption of the buccal
crest bone [102] and may lessen the chances for undesirable
hard and soft tissue recessions. Clinicians should escape the
temptationofplacinglargerdiameterimplantsorplacingthe
implant in a more buccal position in order to ﬁll the buccal
gap. Instead, a larger gap should be preserved and the buccal
defect should be ﬁlled with bone substitutes.
The rationale for a frankly palatal/lingual positioning of
immediately placed implants is also supported by the knowl-
edge that signiﬁcantly more facial recessions are correlated
with implants placed too buccal [116, 117].
Advances in tissue engineering techniques might soon
provide practitioners with biomaterials for a more pre-
dictable and enhanced bone formation that will deﬁnitely
improve our clinical results. These novel biomaterials are
currently evaluated worldwide and will soon be introduced
in everyday practice.
Practitioners should be well informed of the biological
characteristics of new biomaterials and on which stages of
wound healing may they take an action.
This paper attempted to summarize the concepts on
socket grafting resulting from the available literature. Cur-
rentknowledgemaystillbeinsuﬃcient tofullyjustifytheuse
of certain techniques in everyday practice, and more studies
evaluating basic biological concepts should be performed.
In socket grafting as in other medical divisions, proper
diagnosis is often more important than the rendered treat-
ment.
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